
 

 

 University of Groningen

Detailed stellar populations of dwarf elliptical galaxies
Sen, Seyda

DOI:
10.33612/diss.118163076

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Sen, S. (2020). Detailed stellar populations of dwarf elliptical galaxies. [Thesis fully internal (DIV),
University of Groningen]. Rijksuniversiteit Groningen. https://doi.org/10.33612/diss.118163076

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.118163076
https://research.rug.nl/en/publications/cbadd2df-24a0-4f88-a122-2b062a16c035
https://doi.org/10.33612/diss.118163076


5

151

5
Conclusions and Future Prospects

The most remarkable discovery in all of astronomy
is that the stars are made of atoms of the same kind
as those on the earth.

Richard P. Feynman
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A stronomers realized that objects exist outside our Milky Way less
than a hundred years ago and that our world is significantly larger

than the size of the Milky Way. The discovery of the existence of other
stellar systems and their variety of morphologies raised the question of
the origin and evolution of these galaxies. In this thesis, we determined
the physical properties of dEs by focusing on their elemental abundances
and stellar populations as analysed using integral field units and long-slit
spectroscopy.

5.1 Conclusions
This thesis consists of an observational study about the evolution of dwarf
elliptical galaxies. Although these objects are numerically-dominant type
of galaxies in the Universe, their origin and evolution still remains a mat-
ter of debate since they are intrinsically faint and their structure is very
complicated. The objective of this thesis has been to determine detailed
chemical abundances of many elements in the Virgo and Fornax cluster,
which have never been studied before outside the Local Group, based on
high spectral resolution observations obtained with large telescopes.

In this thesis, we present a new set of high resolution indices which
makes it possible, for the first time, to study in detail individual element
abundance ratios of many elements in small, unresolved galaxies outside
the Local Group.

In this section we will highlight the main conclusion from this thesis
chapter by chapter and we will present an overview of the addressed
questions and and give an outlook of this field.

• In Chapter 2, we present abundance ratios of a sample 37 dEs
in the Virgo cluster as a part of the SMAKCED project. We use
optical spectroscopy to measure a total of 23 Lick indices in the
LIS-5 Å flux calibrated system and apply the MILES models to
interpret them. We obtain new age and metallicity estimates and
calculate the abundance ratios of Na, Mg and Ca for these galaxies.

• We found that they show [Na/Fe] is under-abundant w.r.t. solar.
This is the opposite to what is found in massive giant elliptical
galaxies. The reason for this probably detailed enrichment pro-
cesses in Supernovae type 2.
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• We conclude that dEs have undergone a considerable amount of
chemical evolution, they are therefore not uniformly old, but have
extended star formation histories, similar to many of the Local
Group galaxies.

The study, as presented in Chapter 2, has the advantage of providing us
with a detailed picture of dEs in Virgo cluster, which includes an overall
study of their stellar population properties. However, our analysis still
depend on the current Lick spectral index system, which has been defined
for low resolution spectra, and cannot be used to study faint absorption
lines. As a result, we have only been able to study a few elements in this
work.

• To solve this crucial problem, in Chapter 3, we defined a new set
of high-resolution spectral indices in the spectral range from 4700-
5400 Å using the PEGASE.HR stellar population models, based on
the high-resolution ELODIE.3 empirical stellar library (Prugniel &
Soubiran 2001, 2004), analogous to the Lick system, to study the
abundance ratios in systems with low stellar velocity dispersion,
like dwarf galaxies, globular clusters and UDGs.

• We characterize the behaviour of the line indices as a function of
age, metallicity and velocity dispersion. We investigate the de-
pendence of the line indices on alpha-elemental abundance ratios
using the theoretical models of Walcher et al. (2009). We discuss
the various elements for which abundances can be determined us-
ing our new line index system and for the understanding of stellar
populations in galaxies.

In Chapter 4, we apply the same set of line indices as presented in
Chapter 3 on 8 dEs in the Fornax cluster with very high S/N spectra.
This is the first time an attempt is made to determine abundance ratios
of many elements in small, unresolved galaxies outside the Local Group.

• We measure the absorption line-strengths in our new high resolu-
tion system of indices for a sample of 8 Fornax dwarf galaxies. Our
sample of dE galaxies are studied with SAMI at the AAT, using the
1500V grating in the blue arm. We determine age and metallicity
estimates of 8 dEs using our low resolution indices. Owing to the
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high resolution spectral data we were also able to calculate the new
high resolution indices on our SAMI data and compare them with
PEGASE.HR for galaxies with a velocity dispersion of 40 km/s.
We select 32 indices for which the index correlates well with mass
and focus on studying the behavior of the abundance ratios.

• We present the abundance behaviour of 11 elements and compare
with massive galaxies by Conroy, Graves & van Dokkum (2014) as
a function of velocity dispersion. For the majority of our galaxies
we find that dwarf galaxies have abundance ratios that are slightly
lower than solar. This is what one expects when one extrapo-
lates the results of Conroy, Graves & van Dokkum (2014) to lower
masses.

• For Na we find that the galaxies have [Na/Fe] ratios that are consid-
erably lower than solar. This result is in good agreement with Virgo
dEs, for which we determine that the [Na/Fe] is under-abundant
w.r.t. solar in Chapter 2.

• The comparison of models with our data of dEs shows the remark-
able variety in the behaviour of three objects, namely FCC135,
FCC202 and FCC203, showing that these three show a different
abundance pattern, that is the same in all three.

5.2 Future Prospects
In observational astronomy, it is often the case that new observational
data-sets are required to advance our understanding of certain physical
processes. The fact that the lower-mass regime still remains largely unex-
plored, makes us believe that a survey aimed at obtaining large field IFU
data for dwarf early-types will open a new region of parameter space.
Since dEs are so faint and compact, a very nearby sample is required
in order to obtain sufficient spatial resolution and high enough S/N to
resolve these objects, so this can realistically only be achieved with mul-
tiplexed integral field spectroscopy using telescopes such as JWST, WHT
and E-ELT.

If one wants to study the population of dwarf ellipticals, it will be very
useful to study a large population by making a large survey. Of particular
relevance is the WEAVE-Cluster survey, to be obtained with the future
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instrument WEAVE at the WHT. The main goal of the nearby clusters
survey is to understand the formation history of dwarf galaxies in high-
density environments. The WEAVE Nearby Clusters Survey will observe
a X-ray flux-limited sample of 47 nearby cluster covering a large range in
cluster mass (13.2 < log (M/M�) < 14.5) and environment. This survey
will assure IFU spectroscopy for about one thousand dwarfs (Mr < -16)
galaxy members. This will be the largest sample of dwarf galaxies in
clusters with high-quality spectroscopic data ever studied. The data in
this survey can be used to study dwarfs in a spatially resolved way, but
one can also all the flux, making powerful studies possible of the SFH
and abundance ratios.

In this thesis we use the data in the optical wavelengths. In order to
understand the spectral energy distribution, we must cover the other
wavelengths like the infrared. For that, we need to study the different
molecular lines in dwarfs and therefore the JWST will be very powerful
instrument with its NIRSpec IFU, where the studies we present here can
be done at much higher resolution in the infrared studying more elements
and cooler stars. NIRSpec is designed to observe 100 objects simulta-
neously. NIRSpec will be the first spectrograph in space that has this
remarkable multi-object capability which will operate over a wavelength
range of 0.6 to 5 microns. It will allow us to measure elemental abun-
dances for many elements, and can be analyzed with the new XSL stellar
library.

The E-ELT will be the largest optical telescope in the world, with its 42m
primary mirror. The E-ELT will make a transformational contribution
to this field and its spatial resolution, combined with a MOS, will enable
the study of large samples of dwarf galaxies in a range of environments,
including both resolved and unresolved galaxies. As it is currently the
case for the European Very Large Telescope (VLT), the MOSAIC multi-
object spectrograph will be the workhorse instrument for the ELT. We
can study much fainter dwarfs with in their central parts and measure
stellar population gradients up to very large radii to test theories of
mass assembly, detailed chemical abundance and their chemical maps,
combined with detailed kinematic information.

Combining the results of this thesis and forthcoming instruments will
allow us to throw a lot more light in this area, in the hope that, in the
near future, we can build a much clearer picture how the various chemical
elements were built up in the dwarfs and the Universe.
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